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Name of Drug: Metolazone (MICROX)

Sponsor: Penwalt Corporation
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Date Received by Reviewer: September 28, 1937

Date Reviewed Completed: Septemoer 28, 1937

Resume:

The sponsor of NDA 19-532, Penwalt Corporationfyfé?ﬁélly objects to FDA's

listing of their new, more bioavailable metolazone formulation (MICROX) “as a
diuretic", Their objection is without merit because:

1. Administration df MICROX to human subjects/patients produces a
substantial diuresis.

2. Microx, like other diuretics, produces an antihypertensive effect.
The approved MICROX ladeling states: "The antinypertensive mechanism

of action of metolazone is not fully understood but is presumed to be
related to its saluretic and diuretic properties.”

3.  When MICROX, alone, fails to completely control high blood pressure,

the package insert suggests that it should be combined with some
other antihypertensive drug "with a different mechanism of action"

(i.e, add an antihypertensive drug other than a diuretic, because
MICROX is a diuretic).

4. The very first sentence in the CLINICAL PHARMACOLOGY section of the

approved labeling states: "MICROX is a quinazoline diuretic with
properties generally similar to the thiazide diuretics".
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in view of these facts (and others), FDA has correctly listed MICROX as a
diuretic drug simply because that listing and no other is precise, That
MICROX lowers elevated blogod pressure, as do all other diuretic agents, is
insufficient reason to change its pharmacologic classification.

< — '. -‘lié,‘

"Robert Keenan, MD, HFN-T10'

cc:
Orig. NDA 19-532

HEN-80/DDIR

HFN-110

HFN-110/CS0

HFN-110/RKeenan 9/28/87
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS
MEDICAL OFFICER'S REVIEW

NDA# 19,532 AMMENDMENT REVIEWER: ROBERT E. KEENAN, M.D.
M.0. REVIEW#: C |
SPONSOR: Pennwalt Corporation
DRUG: Metolazone (Microx)
DATE OF CORRESPONDENCE: September 3, 1987
DATE RECEIVED BY REVIEWER: September 28, 1987
DATE: REVIEW COMPLETED: October 1, 1987
Resume:

e o —

Several problems exist in the "Introductory Promotional Material" which is
included in this submission. These issues were discussed with the Division of
Drug Advertising, HFN-244, on October 1, 1987. No further action is required.

— e

Robert E. Keenén,-M. D.' —+

cc: Orig/NDA
HFN-110
_ HFN-110/CS0
HFN-110/REK/10/6/87
ayg/10/6/87/0902e/10/16/87
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DIVISION OF CARDIOC-RENAL DRUG PRODUCTS
MEDICAL OFFICER'S REVIEW

NOA #: 19-532 REVIEWER: Rcbert E. Ke=nan, M.D.
. 0. REVIEW #:‘ A

SPORSOR: Pennwalt Corpcration

DRUG: MICROX (metolazone reformulation)

DATE OF CORRESPONDENCE: October 8, 1685

CATE RECEIVED EY REVIEWER: October 21, 1985

DATE REVIEW COMPLETED: March 7, 1986

Resume: e

Metolazone, 1ike the several other similar diuretics, possesses beneficial
pharmacologic attributes (e.g., antihypertensive) which presumably out-
weigh its unfavorable pharmacologic actions (e.g., potassium and magnesium
loss). If possible, it would appear desirable to determine an optimal
metolazone dose (or dosage formulation) that would maximize <the beneficial
effects while, at the same time, minimize the drug's unfavorable effects.
This NDA (#19-532) contains data supporting a new metolazone formulation,
allegedly as effective as the old (ZAROXOLYN) tablets in Towering blood
pressure while producing less potassium loss.

In addition to the human pharmacckinetics and bioavailability of the new
formulation (reviewed separately), NDA 19-532 contains two multi-center
clinical studies establishing the drug's safety and efficacy in
hypertensive patients. One of these, LDM-101, clearly establishes the
antihypertensive equivalence of the ney and old metolazone formulations
(as well as any difference in potassium Toss).<The second clinical trial,
LDM-102, optimizes a MICROX dosage regimen in a placebo controlled,
double-blind, parallel dose-response (0.5 mg/day vs 1.0 mg/day 2.0 mg/day)
study in mildly hypertensive patients.

Another difference between the two (antihypertensive} MICROX climical
trials was the severity of hypertension in the respective patient popu-
lations enrolled. As shown in Table A, patients included im study LDM-101
were more severely hypertensive (“moderate”) than the patiemts studied in
LDM-102 (“mild").
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Table A

LDM-101

A Cocparison of the Effect of a New Formulation of
Metolazone With Marketed Metolazone (Zaroxolyn®) in Patients
With Mild to Moderate Hypertension

Principal . No. of Patients Status of

Investigaror Studied Studv 5/r/85
Schoenberger, Jazes 22 Completed
Schoaper, Harold 45 Completed
Nugent, Charles 72 "'\'M‘—E‘Comple:ed
Harris, Robert - 25 Completed
Moser, Marvin 28 Complered
Miller, Sanford 3

LD™-102

A Clinical Study of Low-Dose Metolazone:
Safety, Eifficacy, and Dose Response

Principal No. of Patients Status of

Investiigator Studied Studv 5/:585

Ryan, James 3z K Copplered
<

Lasker, Norman 3 :

Curry, Harold 33 Complered

Biack, Henry L}

MaczKay, James 40 Complezed

Boden, Guenther 17
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Of the 12 investigators (6 per study) participatin fn th ti-cenz
triels, just 7 of the centers produced data sgfficgenily :aiigglgénﬁsnzgr
be 1nc1udgq‘(see Table B) in the respective study anaiysis. Reascns f:r
not_1nc1ua1ng gata from § of the multi-center Sites generally appgér ”
valid. Probably the most controversial of these is exclusion of Dr. Mcser
(from the LDM-101 date-base). His patient population, at baseline, was ‘
comparable to patients enrolled at the other sites. Dr. Moser's pétie;ts'
response to their assigned therapy was, however, at great variance with

Table B -
LDM-101 S
Mean
. Baseline
Ro Sex Race Mean Mean Diastolizx

Investigator | Pt M F C B Age we BP
Schoenberger 22 14 8 10 121 48.9 20i.0 102.7
Schnaper 451 31| 14 13 | 32| 52.9| 179.5 98.9
Nugent 121 11 1 594 | 13! 56.8° 200.6 102.8
Rarris 25| 16 9 22b| 3| 48.7( 1l68.8 £02.3
Composite 164 | 132 32 | 104 | 6d] 53.3) 192.5! kOl.6
Moser® 28 21 26 0 | 28] S3.4| 162.0 107.1
¥illerS ; kS z o <3-__--d 1-4 —-d

LDM-102 <
Ryan | 320 8} 2 1 5 |27 57.7' 200.3|  96.%
Curry ! 33 16 17 ¢ |33] s2.¢ 175.2‘ 98.s
‘HacKay % 40| 20} 20 38 2 51.5' 183.8 97.9
Composite ‘ 165) 45§ 60 43 | 62] 53.8} 187.1 97.6

8Includes 6 Hispanics.

bincludes 1 Hispanic.

CNot included in composite; see text.

dNumber of patients too small to be meaningful.
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v

responses reccrced in all cother centers, to the extent of producing a
statistically significent investigator (Dr. Moser) by treatment inter-
acticn. Homogeneity of LDM-101 data, therefore, was cnly possible by
excluding Dr. Mcser's stuay. '

ANTZHYPERTERSIV

"

EFFICACY AND SAFETY STUDIES:

Study LDM-101: Moderately hypertensive patients, precominantly

caucasian, were enrciled in this study. The composite mean diastolic
blood pressure of the 164 patients included for analysis was 101.6 mmHg
(sitting position). Eligible patients were randomized to one of four
study groups after successfully completing a2 2-4 week placebc "bezse-line™
period. Ouring a 6-week "active treatment" phase, patients received one
of the following four treatments under double-blind conditicns:

Microx, 0.5 mg once daily

Microx, 1.0 mg once daily NEUE SESIE
Microx, 2.0 mg once daily '
Zaroxolyn, 2.5 mg once daily

For entry into the placebo phase, the patient's sitting diastolic bloocd
pressure needed to be between 96 and 120 mmHg. For entry into the doublie-
blind treatment phase, sitting diastolic blood pressure had to remain
inside the range.

1. VYean changes in sitting blood pressure: Efficacy measurements in
LDM-101 compared sitting baseline blood pressures with the two, four andg
six-week blood pressures. Statistical evaluations were performed only zt
the four and six-week time points. In addition, an end-point analysis for
all patients, regardless of the time of their final visit, was also
statistically analyzed.

The mean sitting systolic and Ciasto]is ticod pressures are sumnarized in
Table C and Figure 1. - <

End-point analysis of blood pressure response (sitting) is shown in

Teble D.

Significant blood pressure decreases occurred at weeks 4 anc 6, and alsc
at the final time points (end-point) in all treatment groups. The
greatest fall in BP occurred after 2 weeks treatment but the decrease
continued for at least 2 more weeks. These results are consistent with
those expected of a diuretic "step 1" antihypertensive drug.

2. Categorical (percent responsive patients) blood pressure response:
Another way of measuring anti-hypertensive efficacy is to determine the
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Table C

Changzes in Sitting Blood Pressures + S.E. (fvstolic/Disszoliz?
(o Hg)
Week 2 Week & week 6 Fimal Week
No.of Prs 30 36 34 ¥
MICROX -10.2+ 1.9 -13.4+ 2.3 -i2.86+ 1.9 -11.3+ 1.9
0.5 =g - 6.2 1.3 =~ 8.7 1.5 - 9.¢ 1.3 - &.3 .4
No.of Pus 41 3l 35 43
®1CROX -i8.0+ 2.3 -22.0+ 3.0 =-25.3+ 3.2 =-2£.0 - 2.8
1.0 mg -10.5 1.4 -12.5 1.7 ~-14.% 1.7 -13.3 1.5
No.of Pts 37 35 a5 38
MICROX -19.6 + 1.7 -24.0+« 3.1 =24.3w—p2.§5- -23.6 - 2.4
2.0 mg - 9.3 1 -13.0 1.5 -lu.s 1.3 =lel2 i.3
No.of Prs 33 34 36 36
Zaroxolyn -13.0+ 2.v -16.7 + 1.8 -19.5+ 2.3 -1¢.0+ 2.3
2.5 mg - 7.3 1.2 -l0.8 1.4 =12.5 1.5 =1z.2 1.
LDM-101
Mean Change from Baseline, Sitting Blood Pressure
(mm Hg)
Week 6
I MICROX | MICROX |  MICROX x Zaroxclyn
| 0.5 og | 1.0 mg !} 2.U mg 2.5 =g
T [ [
! . i . i
Schoenberger | n=> n=5 | n=4 a5
| -13.7 | -30.7 | -22. boo—ir.7
| -§.a i -9, i -il.& =Ll
! !
Scrnaper i n=7 i n-}O\_L n=3 E n=]
| - 6.4 | -tger | -26.% | zze.2
= | e | T b iy aw
1 )
Lgent : naig RENCY n=i7 : n=:%
7 P13 .o | =27.7% -33. 0 =2j.um
| <i0.aw | Tid.em L —iLaw —I2.:=
Harris n=4 n=4 a=3 n=6
-14.0 s -25.3 s1a.7=
-9.3 -17.6 ~17.58 - 9.8 -3
a=34 n=35 n'32 n=36
Cozposite -12.8%,b,a} -25,5%.a -24.3*,b -19 .5+
- 9.6 19| -l4.4"sC -14.6" ¢ =12.5*
Moser¥¥ n=f n=5 a=10 n=5
- 6.6 -14.7 -18.0+% -14.4
-19 .6 -23.8 -23.0¢ -28.1
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Ting!l

Schoenderger , nu=é ! n=b K as=5 | a=3
-9.1 Io-32.2 j 2206 4$ -11.7
- 5.5 i =20 ] ~is.!

! ! : !

Schnapst i n=10 i n=12 ' a=? !

[o= FL RS it 2267703
i =523 P Tger i S|
' !

Nugent n=18 n=18 { n=17 i n=l7
=13.9* - 25, 8% -23.3* | -19.3
~-10. 1 -13.4% -14 4> ~11,.8~

Harris n=5 n=17 n=7 n=f
-12.1 ~21.4% -20.7 =14 7%
-10.0 -13.3% -13.4% -9, b

Composite n=39 n=43 n=38 n=3¢&

| =-11.3*.3,0) -24.0%,8 -23.6%. -19.0~
| T B.3%.C,8| S13.30.6 . =14.2748 | -12.7"
i : ,

Moser+™ n=7 n=6 n=10 n=5
-9.9 =15, -18.0* -14.4

| =~lo.6x -23.0~" | =23.0 i =28.1

aliy significant change from baseline, p <.05, Wiizcoxon Signed
.

Jez ii: composite.
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nurbers of patients in each therapeutic group that reach a predetermined
"goal!. The goal is usually a diastolic blood pressure below S0 r—Hg

and/er a diastolic BP decrease of at least 10 mmHg. Patients zttzining
either of the two “goals" were determined to have had an adequate
recponse. Results are displayed in Table E.

Table E

LDM-101

Percent Response by Protocol Criteria

MICROX MICROX MICROX Zaroxolven
0.5 oz 1.0 g 2.0 =g 2.5 2 -
Schoenberger ne 5 n= 6 o= S5 n= 35
20 50 6C 60
Scanaper n= 9 n=}1 o= 9 a=10
| 4 55 33 80
|
Nugen: n=18 n=i6 - L n=l5
33 SU & 47
Harris n= 4 n= 5 a= 5 a= &
50 60, EZ 17
|
Composite n=36 n=38 a=327 n=35
i | 36 53 K-> &3
!
Moser* a= 7 ‘ n= § l n=id a= §
8¢ 100 e 105
*#Ngt :ncluded in composite. K—— <

Y

Number of Adequate Responders, Protocsi Criteria
{(Percent of Treatment Group)

Treatment Adeguate Not Adequate
MICROX 0.5 mg 13 23
(36) {64)
MICROX 1.0 mg 20 18
(53) 47}
MICROX 2.0 mg 2% 13
(65} £€35)
Zaroxolyn 2.5 mg 19 17

(53) £47)
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Another methed of analyzing categorical respense “spl-its" the ncn-
respencers Tnto "good" and "unsatisfactory" categories. End-point
anelysis using. this method is shown in Table F.

Table F

Proportion of Responders a: Finai Visit

Unsatis—-
Excellent Good facrory -
Treatment(mg) No. 210 m= 5-10 m= Ko Respamse
- Lt —r o —
VMICROX 0.5 39 17 9 13
(44) (23) I 3D
MICROX 1.0 43 24 10 9
(56) (23) (21)
MICROX 2.0 38 28 6 &
(74) (1¢) (ii)
Zaroxolyn 2.5 38 21 1l 6
(35) (29) (16)

3. Metabolic (potassium) alterations: Serum potassium levels were

measured in all patients at baseline a‘ffd-again at the time of week 2, 4,
and 6 follow-up visits. At all time points the“mean clecreases in serum
potassium were statistically significant (p 0.001). The extent of the
mean decreases in serum potassium appsared to be relatied to the dose cf
metolazone administered. Statisticaliy significant d¥ fferences in serum
potassium levels were detected between 0.5 mg Microx &nd the higher,

1.0 mg and 2.0 mg, Microx doses as well as the 2.5 mg Zaroxolyn dose (see
Table G).
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Table G

Mean Potassium Changes from Baseline, Week 6

(m2g/L)
LD:-101
MICROX MICROX “ICROX Zazoxolva
.5 of 1.0 e¢ 2.0 nz Z.5 oz
Schoenberger a= 5 n= 5 n= i a= 3
-0.228 -0.34 -0.53 -3.66
Sehnaper a= 7 n=10 n= 9 n=i0 ..
-y.27 =0, 64% ~0.43% -0,72*
Nugent n=18 n=16 T aei7 n=l3
=0.53% =-0.70% -0.85* —0.50%
Harris n= 4 = 4 o= 5 a=35
-U.33 -0.93 -0.42 ~(0.78%
Cocposite n=34 n=35 =35 n=35
-§.u5+8 -0.6C* -0.65% —0.76" -2
Mosere* n= 5 n= 4 n=10 n= 5
-0.82 -1.12 ~-1,10% -0.9¢8

agignificant c¢ifierence between MICRCX and 2aroxolyn
*Significant difference from baseline, Wilcoxon Signed Rank
=xNot included in composite

Test.

Mean Changes Serum Potassium from Baseline + S.E.

(mEQ/'L)
Week 2 Week &€ Week 6

Ne.of Pts 30 35 3:
MICROX
. C.5 &g -G.44 + 0.03 -0.47 + 0.07 -0.45 » 0.08
Nc.cf Pts a1 30 i
“ICROX

1.0 og -0.71 + 0.10 -0.65 + 0.1i -0.60 + 0.08
No.of Pts 35 33 35
MICROX

2.0 wg -0.70 + 0.09 -0.60 + 0.09 -0.65 + 0.11
No.of Pts 33 3% 35
Zaroxolya

2.5 mg -0.59 + 0.09 -0.60 + 0.10 <-0.76 + 0.08



By examining the group means of the lowest serum potassium ever seen

during treatment, a dose-related decrease is again ezsily demonstrated
(see Table H). :

Teble H

Means of Minimuo Potassium + S.0.

(mEgq/L)
Ne. of During
Treatzcnt Patienis - Baseline Trestment Difference -
(me)
MICROX 0.5 39 4.41 + 0,43 3.79 + 0.4] 0.61 + Q.46
MICROX 1.0 43 4,40 + 0.38  3.53 + 0.49 ~0.88 » u.37
MICROX 2.0 38 4.40 + 0.23  3.51 + 0.62 -0.89 » 3.55
Zaroxolyn 2.5 39 4.26 + 0.53  3.39 + 0.39 -0.87 ¢ G.a5

Hyvpckalemia was statistically significantly less in tre
0.5 mg MICROX treatment group than in the 1.0 mg MICROKXK grcup

(=0.007) and the 2.0 mg MICROX group (p <0.006).

Still another way of examining the effect of Microx/Zaroxolyn therapy on
serum potassium is to distribute patients within each dosage group into
categories. Using serum potassium levels above 3.5 as normal, levels
between 3.0 and 3.5 as borderline, and those below 3.0. as hypokalemia,
drug doses and duration of therapy are distinguishabie (see Table U}.

Although the study duration was too sﬁEFt to b&conclusive, patients on
the various Microx doses appeared to show 2 distinct trends: one patient
subgroup tended to have a continuing, cumulative decrease for as long as
they received the drug; & second subgroup demonstratec an initial deciine
in serum potassium level but then foliowed with a partial but continuing
recovery. The former exhibited a considerably higher incidence at
metolazone doses greater than 1.0 mg/day when compared toc lower doses.

4. Weight loss: As expected with diuretic therapy, patients in all
treatment groups lost weight (see Table J). Patients in the 2 higher
Microx dosage groups appeared to exhibit greater weight 1oss than patients
receiving the low (0.5mg/day) dose. A weight loss dose-response in black
patients was numerically present but was not statistically validated. Nec
apparent dose-response occurred in caucasian patients.
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Table U

Fatients (Percent)

Page 11

MIZRZX MIZRCY MICROX Zz-zxalvn
Week ranze .2 =¢ 1.0 =2 2.0 mg 2.2 ez
a=iG n=ad n=39 n=il
V] >3.% 40(109; | 44(100) 38(97.4) 370¢2.5)
3.0-2.4 6 (O 0 (0) 1( 0.5) 3¢ 7.5
3.0 0 (0) 0 (O 0 (0) {3
a=30 n=41 n=35 c=>3
2 3.5 270383 30(73.2 24(68.6) IZ2(E8.7)
3.9-3.4 30 10) 701701 9(25.7) 8(25.2)
73.0 ¢ (m 40 6.7) 2( 5.7} 3¢ 3.1)
n=3S n=30 n=33 =34
4 >3.5 32(91.4)  24(80.0)  20(60) 22(6%.7) )
3.0-3.4 2(5.7) 4(13.3) 12(36) 11(33.4)
<3.0 1 2.9) 20 6.7)  -H3IFTT=" 1 Z.9)
ns34 n=35 n=35 n=325
6 >3.5 28(82.4) 27(77.1) 20(57.1) 19 (5<.3)
3.0-3.4 6(17.6) 8(22.9) 14(40.0) 12(3=.3)
3.0 0 (0) 0 (o) 1(¢ 2.9) 4(ri.4)
n=3% n=43 n=37 n=39
Final 23.5 33(84.7) 30(65.8) ~ 21(56.8) 21(535.8)
3.0-3.4 6(15,3) 10(23.3) 15(40.5) 13(33.3)
<3.0 0 (0) 3( 6.9) 1I( 2.7) 5(22.8)

Four patient

3.5 cEg/L at baseline.

Three were in the 2.5 mg

s had serum potassium of less than

Zaroxolrz

treazment group and one was in the 2.0 mg MICROX treatmea:t

group.
Table __ P
Mean Changes Bodv Weipht, Week 6
(pounds)
MICROX MICROX MICROX :a oxalwvn
2 mg 1.0 =g 2.0 mg 2.5 =z
Schoenberger n= 5 a= 5 o= &L n= 5
-2.5 -7.5 -3.8 -0.8
Schnaper o= § o= 9 o= 9 o=10
~-1.7 -2.1 -4 9* -5.2%
Nugent o= )8 n=16 =17 n=15
-0l ~5.0* -3.8*% -2.9*
Harris n= & p= 5 o= 5 n= §
-3.3 -5.4 -2.7 ~3.8*
Composite nw33 n=34 n=35 n=36
-3.5* -= . 6% -3.9* =3.4
Tiignificant change froc baseline, Wilcexas Sigae< Raok
Test, p<l.C3
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5. Adverse effects: Overall, the incidence of patient complaints was
very low in study LDM-101. ADR incidence and profile is consistent with
all of the accumulated clinical experiences with thiazide diuretics
Metoiazone may possess a somewhat novel dose-response ADR effect, however,
which may or may not be of clinical significance (see II. DISCUSSION,
beiow).

B. Study LDM-102: Mildly hypertensive patients (diastolic BP above SC mmHg),
over 50% blacks (62 of 105 patients), were enrolled and qualified to enter
this study. The composite mean sitting diastolic blood pressure of the
105 patients included for analysis was 97.6 mmHg (see Table K). Eldgible
patients were randomized te one of four study groups a&fter successfully
(BP stabilized above 90 mmHg diastolic) completing a &-week placebc run-in
baseline. Of 148 patients screened, 105 satisfied eligibility criteria,
successfully completed the 4-week placebo baseline, and were randomized
into the double-blind, 6-week treatment phase. Patients entering the -
6-week double-blind phase were randomized intdone of the following four
treatment groups:

Placebo, one tablet/day
Microx, 0.5 mg/day

~ Microx, 1.0 mg/day
Microx, 2.0 mg/day

Table K

Demozranhi&“-

| Age i we i EP

| Sex Race Mean Mean | Mean

! M F | B C (yzrs) (lns) | lmz Bg )

i ! !
Piaceso | 15 12 le 11 50.4 194.0 150.9/95.0
8o, (2) (56) (44) (59) (41)
MICROX
v.5 og 1115 15 1 53.7 181.8 149.0/97.1
No. (%) (42) (58) (58) (42)
MICROX
1.0 mg 11 14 14 11 55.4 176.6 145.7/96.9
No. (%) (44) (56) | (56) (44)
MICROY
2.0 mg 8 19 1710 55.7 195.0 153.8/97 .4
%a. (%) (30) (70) | (63) (37)
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1. Mean changes in sitting blood pressure: Efficacy measurement in
LDi*~-102 compered baseline vs treatment blood pressures (sitting) at the 2,
&, and 5-week time points. Statistical eveluections were perfcrmed oniy at
the & and 6-week time points. In addition, an’end-point znalysis for &3l
paetients, regardless of the time of their final visit., was also statisti-
cally performed.

The mean sitting systolic and diastolic group blood pressures are summa-—
rized in Table L and Figure 2.

Table L

Mean Changes in Sitting Systolic and Disstolic Blood Pressure « S.T.

(ma Hg) e ~
Week 21 Week & Week 6 Final Week

No.of Pts 27 23 23 : 7
Placedbo - 4.4 +23 =-2.9%x+20 -59*+29 =-3.Z+2.83

- 2.7 1.0 =~ 3,0 1.2 - 4. 1.5 = 2.7 1.2
No.of Pts 24 25 24 26
MICROX -11.0 + 2.8 -i0.3 + 2.9 -15.7% + 2.4 -13.6F + 2.7
0.5 mg - 5.3 1.2 - 7.3 1.3 - 8.2 1.3 =17.8~ 1.3
No.of Pts 25 23 25 P
MICRQX -12.7 + 2.9 -15.3% + 2.3 -12.8% + 2.7 -12.B* + 2.7
1.0 =g - 6.8 1.5 = 9.7% 1.2 = 8.0* 1.5 = 8.0% 1.5
No.of Pts 25 24 26 6
M1CROX -14.4 + 3.0 =16.I% + 2.8 -16.2* + 3.1 -16.2v + 3.1
2.0 mz - 8.3 1.3 =~ 7.8% 6.8 ~ 8.0% 1.3 = 8.0~ 1.3

*week 2 data not anaiyzed.
*Statistically significant change froo er\l—ine, Wilcoxon Signed Ramks
Tesz p<0.05. <

End-point analysis of mean blocd pressure response compari son is shown in
Table M.

The changes in sitting diastolic blood pressure in the three Microx treat-
ment groups, when compared to placebo, are statistically significant

(p = 0.02) at final end-point. At week 6 the differences between both the
0.5 mg/day and 1.0 mg/day Microx groups, compared to placesbo are
statistically significant but are not different from each other. The
difference between the 2.0 mg/day Microx group and the placebo group is
torderiine {p = 0.024). The borderline statistical result (vs placebo} is
likely due to an "outlier" clinical center. Dr. Curry’s center, for some
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Table M

Mean Blood Pressure Changes, Final Week

(om Hg)
Treazzent n Ryan n Curry a MacKayw
Piacedo 8 -0.7/-2.4 9 -l1.4/-2.8 10 -5.9/-3.G
MICRCX 9.5 mg 8 -11.2/-5.0 8 -11.5/-8.7 10 -17.3/-9.3
KICRZY 1.0 mg b -12.9/-6.9 7 -15.9/-11.7 10 —10.6/~6.4

MICR®Y 2.0 mg 8 -22.5/-6.8 8 -17.4/-12.1 10 - =~3C.1/-5.7

m-He- o

Bln

~
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unexplained reason, included a group of above-average placebo responsive
patients. When averaged into the overall, multi-center results,

Dr. Curry's placebo group influences the mean blood presciure tc a perhaps
uncdue extent’

The changes in sitting diastolic blood pressure in the three Microx <reat-~
ment groups, when compared to piacebo, are statistically significant

(p = 0.02) at final end-point. At week 6 the differences between bcth the
0.5 mg/day and 1.0 mg/day Microx groups, compared to plac=bo are
statistically significant but are not different from each other. The
difference between the 2.0 mg/day Microx group and the placebo group is
borderline (p = 0.024). The borderline statistical resuit (vs placsdo) is
1ikely due to an "outlier"” clinical center. Dr. Curry's center, for some
unexplained reason, included a group of above-average placebo responsive
patients. . When averaged into the overall, multi-center results,

Dr. Curry's placebo group influences the mean blood pressure to a perhaps
undue extent.

Pt

2. Categorical (percent responsive patients) blood presstire response:
The proportion of patients exhibiting a decrease of at least 10 mmkc
(adequate response) and the proportion having a diastolic BP decrease of
at least 5 mmHg (partial response) are summarized in Table N.

Table N

LD¥-102

Percen: Rasponse by Protocol Criteris

| Placed: MICROY L‘ucgcx ; MICRIY
i 0.5 | i.0me €  2.0ms
{ ; i
{ adg Part | Adg Pact { Adg Part ' hdg  Ta-:
| t . ' -
Rvan i a= § I n= 7 ' n= 3§ | ) -33 \‘.‘_
' {0 34 14 G § 13 13 13 2z
I
. n= 7J n= 8 n= 7 a= §
Corey 14 1L 25 38 71 14 50 25
= =10
MacKay - a=10 n=10 n=10 n
A 0 10 10 40 2 30 20 20
i =26
mposite n=25 n=25 ! n=25 n )
conp 4 12 16 28 | 36 20 27 23
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As shown in Table I, there were 4% adequate responders in the placebo
group vs 16%, 36%, and 27% in the 0.5 mg/day, 1.0 mg/day, and Z.0 mg/day
Microx grours, respectively. The differences betweem each Microx group
and nlacebo were statistically significant. More patients, numerically,
in the 1,0 mg/cay and 2.0 mg/day Microx groups showed an “adequate"
response than in the 0.5 mg/day group, but the difference did not achieve
sigrnificance.

By cefining "responders" in a different way: counting only thase patients
whose sitting diastolic blood pressure met the predetermined “goal”
diastolic BF decrease, there are no apparent differences between the 3
Microx doses tested. All 3 Microx doses, equally, *normalizec®™ signifi-
cantly greater numbers of patients than did placebo, see Table P.

Table p

T ——pT I T

Pesponders Defined as Final DBP <90 or 210 m= Hg from Baseline

Percent
Treatment n Responders
Placebo 27 19
MICROX 0.5 mg 26 58
MICROX 1.0 mg 25 56
MIZROX 2.0 og 26 58

3. Metabolic (potassium) alterations: Serum potass-ium levels were
measured in all patients at baseline and again at the time of weeks 2, 4,

and 6 follow-up visits. At all timepoints the mean decreases 1in serum
potassium were statistically significantly Teder tham baseline for all 3

Microx treztment groups. There were no significant changes frocm baseline
in the placebo group (see Table Q).

As in Study LDM-101, the extent of the serum potassium decCreases appeared
to be directly related to the dose of metolazone administered. Throughout

the 6-week treatment phase, the 0.5 mg/day Microx group suffered signifi-
cantly less potassium loss, on average, than the 2 higher dose groups.

Perhaps a better measure of potassium loss with low-dose (0.5 mg/day)

Microx may be seen by subtracting the mean fall in the placebo group from
the fall in the drug group, 0.38 mEq - .09 mEq = 0.Z9 mEq.

Categorical distribution of patients within each group according to

potassium levels confirms a direct relationship between Microx dose and
extent of potassium loss. Whereas more than half (54%) of the patients
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Ko.of Pts
Placebo

No.of Pts
MICROX
0.5 mg
No.of Pis
MICROX
1.0 mg

No.of Pts
MICROX
2.0 ag

There are no significant

potassium in the placebo group.

Table Q

an Changes Serum Potassium + S.E.

week 2

25

+0.01 + 0.07

24
-6.30 - 0.i4
25
-0.52 + 0.10
25

-0.76 + 0.09

(=Zq/Ll)

Week 4

22
+0.06 + 0.13

25
-0.38 + 0.10
23
-0.47 + 0.10

24

kY

Week §

22
-0.09 + 0.C7

2%
-0.38 » §.i:
25
~0.74 + 0.11

26

R, S

-0.60 + 0.08

=0.77 » 0.09
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changes from baseline in sercm

statistically significant for all three-HICROX treatx-—-

at all time points (p< 0.05)1.

I9ilcoxon Signed. Ranks Test used for all comparisons from !

Section IX.

Placebe

:'-.U
3.5-3.9
3.5

MICROX 0.5 mg
26.0
3.5-3.9
3.5

MICROX 1.0 og
6.0
3.5-3.9
<3.5

MICROX 2.0 mg
26.0
3.5-3.9
<3.5

greater

&7

The changes from baseline are

Table R
A

Baseline Week Week & Week 6 Final

n=27 n=26 n=22 n=22 n=s2§
26(9£.3) 23(83.5) 22(100; 22(100) 25(%6.2)
1 3.7) 3(11.5) 0 0 ¢ 3.8)
1] 0 0 [1} 9

n=26 n=24 a=25 n=24 a=26
22(84.6) 16(66.7) 13(52) 13(54.2) 14(53.9)
4(15.4) 5(20.8) 11(44) 7(29.2) 7(28.9)
0 3(12.5) 1( 4) 4(16.7) 5(19.2)

n=25 a=25 n=23 n=25 om=25
25(100) 13(52) 10(43.5) 12(48) 12(48)

0 11(44) 12(52.2) 8(32) 8¢32)

0 1 4) 1(6.4) 5(20) 5(29)
n=27 n=25 n=24 n=26 o=326
22(81.5) 6(23.1) 11(45.8) 6(23.1) 6(3.1)
5(18.5) 11(42.3) 10(41,7) 12(46.2) 12(456.2)
0 8(30.8) 3(12.5) 8(30.7) 8(30.8)

3t baseline.

r2ater than or equal

o
G oeZg/L.

All patients had a seruc porassium of 3.5 mEq/L cr

The mgzjcrity had serum potassiums
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receiving 0.5 mg/day hicrox maintained serum potassium above 4.0 mEc/1,
just 23% did so while taking the 2.0 mg/day dose. Agair, the hint of a
respense related to duration of licrox therapy appeared (see Table &}.
There also appears to be a "potassium-loss” dividing lire between dcses ug
to and including 1.C mg/day end coses abeve 1.0 mg/day (2.0 mg/day and

2.5 mg/day).

4. MWeight loss: A Microx-induced diuresis accounted for the
statistically significant weight loss observed at week €. All Microx
groups (0.5 mg, 1.0 mg, and 2.0 mg/day) showed significant weight lcss
when compared to the placebo group. Low dose 0.5 mg/day Microx, however,

apparently produced less weight loss than the 2 hicher coses (see
Table T).

Table T o .
Mean Changes Bodv Weight, Week 6
(pounds)
MICRCX ¥ICROX MICRCX Flacebo
4 og 1.0 e¢ 2.0 =¢
Rvan n= 7 n= 8 n= § n= 8
~2.L* -3.1 =L.L*. " -3.5
Curry n= § ns 7 n= 8 o= 5
-3.7= -2.4% -0.9 -G.9
vackay n=}0 n= 9 a=1g n=is
-1,9% -¢.1*.¢t -3.7= -0.2
Cscoosite n=23 n=2s a=23 n=2¢
' -z.e” ISR LTI JPL e -5.3
*Si:ﬁifica:‘.: change Iroc baseline, Uilcaxan{.’igneé ®ank Test,
p(C’.QS. ) . .
*Significantly <ifferent than piaceb:. analysis ol =ovariance,
p<0.027.

5. Adverse effects: A weight loss dose-response may have been respon-
sible for an observed ADR dose-response. Dizziness, perhaps due to volume
depletion occurred at higher incidence rate as the Microx dose increased,
%, 12%, and 19% for doses 0.5 mg/day, 1.0 mg/day, and 2.0 mg/day.
Otherwise, the ADR incidence and profile in Study LDM-102 was consistent
with the currently approved metolazone labelling (see Zaroxolyn Package
Insert).
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DISCUSSION:
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Like chlorthalidone, metolazone was developed and merkeied some

U yeers ago, before adeguate dose-response studies were commonly

rmed. As a result, useful dose information regarding the drug's
rmacclegic actiens, primarily its effects on blood pressure and serum
essium, have nct been available. Recent reports cn various diuretics
suggest that appropriate dose-response studies require severai weeks of
aaministration at each dose level before the pharmacoiogic or therageutic
effect of the drug becomes maximal. Furthermore, relevant studies(1)
indicate a rather flat dose-response curve in mild hypertensives and a
less flat dose-response curve in patients with moderate hyper=zension. In
both instances, however, lower drug doses are equally as effective in
lowering blood pressure as are higher doses; at the same time, though, the
higher doses produce a greater potassium loss than do the Tower doses.
Thus, conventional wisdom has established that antihypertensive diuretic
drugs should be prescribed at the lowest dose possible for maximal
hypotensive effect. Doing this will prevent the excessive lcsses of
potassium observed at the higher diuretic doses, at least in a substantial
number of patients.
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In an attempt to comply with the conventional wisdom roted above, the
sponsor of this NDA reformulated its diuretic drug, metolazome, to alter
its bioavailability and plasma kinetics in such a wa¥ .as to ciemonstrate
the therapeutic efficacy of low doses. Marketed metofazone tablets
(Zaroxclyn) are available only in 2.5 mg and 5.0 mg s¢trengths, both
{either?) are recommended for the initial treatment oF mild/moderate
hypertension. The new metolazone formulation (Microx} will be produced in
0.5 mg, 1.0 mg, and 2.0 mg tablet sizes. It is proposed that these dosage
forms will encompass the 2.5 mg-5.0 mg Zaroxolyn dose range efficacy at an
obviously far lower range (.5 mg-2.0 mg).

khile the proposition is attractive, jts fulfiliment has beerm just
partially met by the sponsor's studie®—in NDA 198-532. As will be
discussed in more detail, the 0.5 mg Microx do{é is ciearly &nd substan-
tially more effective than placebo in lowering elevated blooc pressure.
It is equally clear thet the 0.% mg Microx dose produces far less
potassium loss than does 2.5 mg Zaroxolyn. Nevertheless, metolazone at
any dose produces substantial potassium loss in virtuzlly ali patients to
whom it is administered. Severe potassium loss, howewer, appears in
significantly fewer patients on low-dose Microx than on doses above

1.0 mg/day

Antihypertensive efficacy: As can be seen in Tables I and III and in
Figure X, below, the 0.5 mg Microx (once daily) dosage reduces blood
pressure (sitting diastolic) to a significantly greater extert than
placebo in mildly hypertensive patients (Study LDM-1CZ2). At the same
time, however, Microx 0.5 mg/day decreases blood pressure sicnificantly
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LoM-10! LD¥-102

n=]5¢& a=154
ﬁlCROX 0.5 mg 5i.3 7.7
MICROX 1.0 mg 69‘.9: 36.%
MICROX 2.0 mg 8..€ 7.7
Zaroxolvn 2.5 mg 65.¢8 -—
Placebo - 8.5

Table II

LI34-102 Composite

Mean Changes in Sitting Svystolic and Ziastolic 31o0d Press_-e + S.=.

(= =3)

Weeik 21 Week 4 weed & Final Weei
Ns.0f Prs 27 23 23 vy
Placeto A 223 m29% 020N ac9m 429 -z24
I T Thoe T r_*\.-rg =5 -i=
Z.I/ 1.0 ‘3:5 1.2 4, P 5 PR 1.2
Nu.0f Prs 24 25 o 5
¥1CROX 240+ 2.8 =103 + 2.8 S18.7v 4 3L —1ziie 4 og-
V.3 o - 5.3 1.3 °< 1.3 1.: e 1.3 - A 1.3
— — -
Ko.of Prs el 23 =3 =
MiCROX 2.7 2 2.9 oI5.3% 2.3 -12.8v 4 2.7 128w s 2.7
1.0 m ~ 6.8 1.3 -G§.7= 1.2 {~8.0v. 1.5 = E.(m 1.5
g \_’J
No.of Pts 25 24 26 2L
MICROX laeb 2 3.0 -6l ¢ 2.8 16,24 v 3.1 162+ « 3.1
2.0 mg - 8.5 1.3 - T.8% 6.8 : -~ 8.0+ T, - 8.0 l.3

Tweek 2 data not analyzed,
*Statistically significant change froc caseline, Wilcoxan Sizned Ranks
Test p<0.05.



NDOA 19-532 Page 21

Table III

iZzarocn o Meean Chznze in Sirtting gnd 3:tzndinz Slocd PreszurTe
(om HEg
Weak 2 Week < week & Final We—=x
MICROX
0.% eg —_— g ' S—
Sitiiag  =-.0.2/- 6.2 -13.4/2 8.Y  -12.6d- 9.6 ) -il.3/< 8.3 _
3ianzin: - 9.7/- 4.3 -13.5/- 6.7 -lFT3 -1y = elE

T T -
Sitiing -18.5/-10.3 -22.0/-12.5 -25.5/=14.4 5 -26.00—13.3 .~
Standing -20.7/-11.2 -23.6/-13.1 -26.5/-14.5 -26.3/=13.3

MICRCY e
2.¢ Tz 4."'—\.‘ ,‘4——-—§,~
Siiiing -19.6/- 9.2 -24.0/-13.0 <24.3/=-14.1 ¢ -23.60—~14,2 _;'

S:arding -18.5/- 9.v -25.5/-12.6 -26.2/-14.7 -25.2/=34.7

Zaroxcly

2.5 =g — — _ ,,?""-—\
Sizting -13.0/= 7.3 -16.7/=10.8 -19.5 ;12.5.:I -i9.07=12.2_J/
Etandirng -13.9/- 5.« -18.4/=- 9.4 ~20.4/-1T.1 -20.2/—10.8

Figure X

&
- o
PR SO SRR | S S
R A
s
Pl B S
. L :
t : —
i g v
R - e s
! i .
o - /5.
| -
i { R o
PR f Dm0l mmpigare
: K ; . F’f’lﬁ.”t,\.sn’.
— - Al oy
— s ——————— —_— SN S i S - |LD"¢ ?0' _,m:_:_\ DLy
OO S G 0 M . RACLLER DAL c iuyozn'r:uuev

VoLt 1




NDA 19-532 Page 22

but to a lesser extent than does Zaroxolyn 2.5 mg/day in moderately
hypertensive patients (Study LDM-101). Therefore, it appears that Hicrcx
0.5 mg/day represents all the metolazone required while 2.5 mg/day
zaroxolyn represents an overdese in mild hypertensior. (Table Z). In
moderate hypertension, however, the significant BP decrease groduceg by
Ficrox 0.5 mg is below an optimal metolazone BP respcnse (i.e., too iow =
dose, less response than Zaroxolyn 2.5 mg/day). Examination of Tables I
and III reveals the lack of difference in the antihypertensive efficacy of
the 1.0 mg/day and 2.0 mg/day Microx doses. The extent of BF lowering i=
moderately hypertensive patients (Study LDM-101, Tabie III) is greater
than the decrease produced by equivalent Microx doses (1.0 mg/day ancé 2.2
mg/day) in mildly hypertensive patients (Study LDM-1C2, Table.IIl). End-
point analysis (final week) comparison of sitting or standing diastciic =P
decrease clearly shows the antihypertensive equivalence of -Microx 1.0
mg/day, Microx 2.0 mg/day, and Zaroxolyn 2.5 mg/day. This BF decrease
approximates 13 + 1 mmHg diastolic in moderate hypert=nsion bwt just 8
mmHg in mild hypertension. Not only are the-1.0-mg/day and Z..0 mg/day
Microx doses equivalent in mildly hypertensive patients but nweither of
these "higher" doses are any better antihypertensives than the "low"
Microx 0.5 mg dose (Study LDM-102, Table II).

Regarding the 1.0 mg and 2.0 mg Microx doses, then, i% may be: concluded
that:

a) Microx 2.0 mg/day is no better than 1.0 mg/day in either mild or
moderate hypertensive cardiovascular disease.

b) Zaroxolyn 2.5 mg/day, Ficrox 2.0 mg/day, and Micrcx 1.0 mg/day are
equally as effective as each other in controlling moderately hypertensive
patients. The 2.0 mg/day Microx dose is clearly above the meximally
effective (1.0 mg/day) Microx dose. VWhether the Zaroxolyn 2.5 mg/day dose
is equal to or exceeds the (Zaroxolyn) maximally effective dose (in
moderate hypertension) is not known. '

¢) Microx 2.0 mg/day and Microx 1.0 mg/day are“}both Ciearly superior to
Microx 0.5 mg/day in reducing BP in moderate hypertension.

d) Neither Microx 2.0 mg/day nor Microx 1.0 mg/day (kigh doses) are zny
more effective than is Microx 0.5 mg/day in producinc an optimal
metolazone antihypertensive effect in mildly hypertensive patients.

In summary, the 0.5 mg/day Microx dose is optimal in mild hypertensives
and useful in moderate hypertensives. The 1.0 mg/day Microx dose is
optimal in moderate hypertensives.  No clear antihypertensive utility fcr
the 2.0 mg/day Microx dose has been demonstrated.
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C.

Effect on potassium: Shown in Tabies IV and V anc in Figure Y are the

observed changes in serum potassium for each of the licrox doses over a
period of six weeks. khile each group's mean-decrease in serum potassium
allows a comparison of the average effect of each Microx dose, it yields
1ittle information on individual patients. A lTegitimate question micht
be: "Of all patients receiving dose x, what was the lowest serum
potassium noted in any patient at any time?" The mean of all the lowest
values in each group would measure the "worst case" potassium loss which

Table IV

Megns cf the Minizmuz Polassium

(=Eg/L)
- LoM-12]
MICROX MICROX - .-BICROX =~ - Zaroxclyn
¢ ot 1.0 vz 2.0 =g 2.5 =2
Schoenberger n= § a= § nw § o= 5
3.95 3.6 ° 3.42 3.3
Schoaper o=]0 nel2 a= n=i3
3.623 3.46€ 3.26 3.3532
Nugent n=]8 p=lg . o=i7 o=l 8
3.7¢ 3.53 3.42% 3.31
Harris n= 5 n= 7 o= 7 = 6
3.70 3.21 1.580 3.€3
Composite ne39 L L) oe=3s n=3&
i2= 3.47e .39 3.36%

vStatistically significent difference betweer trestment :groups,
analysis of covariance.

Table V¥ <

LOM=-132

Means cf the Minimuz Potassiue

(=Eg/L)
MICROX MICROX NI1CROX Placebo

4 ap 1.0 »p 2.0 ug
Ryan ve 8 a= 8 o= § s= §

3.85 3.65a 3.60b 4.108,b
Curry o= 8 ne 7 nw B8 ue 8

3.668 3.71b 3.36° 4.258.b,¢
MacKay o=]10 o=l0 o=10 nel0

3.888 3.70b 3.81¢ 4.uem.b,c
Composite a®26 o=25 8e26 o=26

3.80s,¢ 3.69% 3.49¢c.4 4.283,b,c

a.b.c dgtaistically significart difference between graraps, mna-
lysis of covariance.
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each dose would be capable of producing. Means of the lowest, per-
patient, serum potassiums ever recorded over the entire 6-week trial are

exhibited in Table IV (LDM-101) and Table V (LDM-102).
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Examination of the LDM-102 composite average lowest potzssium reveals a
fairly definite dose-response; Microx 0.5 mg average maximal potassium
Joss appears to be significantly superior to (i.e., The lowest individuai
serum potassium levels, when averaced, aré higher than)} either of the two
higher Micrcx doses. In LDM-101, the lMicrox 0.5 mg/cay dose is again
superior to the higher Kicrox and Zarcxolyn doses when examined in this
manner,

While group averages are vital in examining results of clinical triais,
they are relatively irrelevant in the one-on-one physician-patient
relationship. The practicing physician might rather like to know the ocdgs.
as to whether each patient will or will not become hvpokalemic (defined as
a serum potassium below 3.5 mEq/L). B8y combining ali patients from all
studies, the overall percent of those becoming hypokalemic can be calcu-
lated: None of the patients receiving placebo became hypokalemic (@ of Z7
patients = 0%). Fourteen of the 64 patients in the G.5 mg/day Microx
group developed hypokalemia (14 of 64 patients = 22%)}. Amonc the

1.0 mg/day Microx patients, 16 of the 64 lost potassfum to a hypokalemia
(16 of 64 patients = 25%) extent. ' :

Metolazone doses above 1.0 mg/day appear to double the percent of patients
becoming hypokalemic. Thirty-one of the 64 patients taking 2.0 mg/day
Microx developed serum potassiums below 3.5 mEq/L. The 2.5 mg/day
Zaroxo®yn dose produced hypokalemia in 16 of the 35 patients receiving the
old metolazone formulation. Thus, 48.5% and 46% of patients receiving
metolazone doses above 1.0 mg/day, Microx 2.0 mg/day ancd Zaroxolyn

2.5 mg/day, respectively, became hypckalemic:

COMPOSITE -
ZNCIDENCE OF HYPOKALEMIA™

(PER. DOSE - GRoW ﬁ)

Y -
GROWP—> PLACEBO | ZARDXOLYN CHICESY i
aer Lere iyl g.om iy
! v T - - em— >
nunsegz;;;ﬁmms 27 34 LY (:_z,_ U';
NUMBER tF PT=ENTs ! o =
HYFOKA:EMIC. c 1A 14 & 1 31

z, . i
Fomamee o8 | g | u |02 | 25T | 99T
HYPOKALEMIC—

fe— * HYPOKALEMZIA DEFINED AS A SERum PoTASSILM
CONCENTRATION BELOW EJME__:/L
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Cne conclusion that may be reasonably drawn would state that: “Approxi-
mately 20-25% of patients receiving 0.5 to 1.0 mg/day metoliazone will
become hypckaiemic; and this incidence nearly doubles to approximately
t5~49 when doses above 1.0 mg/day (i.e., 2.0 .mg/day Microx and 2.5 mc/day
Zzroxolyn) are prescribed." Insofar as metolazone imnduced potassium loss
is concerned, this conclusion may be the most importznt (after all, the
chances of suffering hypokalemia increase from 1 chance in & te 1 chance
in 2 when doses above 1.0 mg/day are utilized).

Review of the group average serum potassium decrease., per group, fairiy

well confirms the foregoing discussion, but perhaps mot quite as cleariy
(Tatles YI and VII). These were discussed previously (see Tables G and Q).

Table VI

LDH-101 Composite N——— - -

R Y gy -
Mean Changes, Serua Porassiuz froo Baseline » 5.2,

(mEq/L}
Yeek 2 Heek & Heek 6
No.of Prs 30 35 3%
MICROX
0.5 ng ~0.bb # 0,09 -0.47 + 0.07 -0.4$ > Q.08
No.of Pts 41 0 ]
MICROX
1.0 mg ~0.71 3 0.10 -0.65 - 0.11 -0.60 » 0.08
No.of Pts 33 33 35
HICROX
2.0 og =0.70 £ 0.09 -0.60 * 0.09 -0C.&5 » O.xl
No.of Pts . 1 3 35
Zaroxolyn
2.5 & -0.59 + 0.09 -0.60 2 0.1 ~-0.76 » 0.08
_LDH-IOI Composite
Table {1
: <
¥edsn Chanyes Serue Potassiuc » S.E,
(=E5/L)
Wecik 2 Week & Heek &
No.of Pts 26 22 22
Placado +0.01 s G.07 +0.06 2 0.13 ~0.08 = 0.03?
No.of Pts - 24 25 2%
nicrox .
0.5 »g ~0.30 + 0.14 -0.38 + 0.10 =0.38 + 8.121 i
No.of Prs 2 3 5 :
N1CROX '
1.0 ag =0.52 » 0.10 ~0.47 + 0.10 =0.74 = 0.1:1
No.of Pts 25 2% 26 (
HICROX |
2.0 ug =0.76 + 0.09 ~0.60 » 0,08 “0.77 » 0.6 !

There are ao significanc chenges frow baseline io.serruz !
potassium in the placebo group. The changes froe baseline: are
statistically significant for sll three MICROX treatment ziroups

at all time points (p< 0.05))

*¥ilcoaor Sigfel Aanks Test used 07 mil COSpAriiins SToc Lase..ihe 1o
Sestion IX.
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Adverse effects: Reformulation of metolazone into lower dosage sirengths

does not appear to have altered either the incidence or profile of adverse
drug reactions. Comparing the ADK profile observed in studies LD*=-101 and
LDM-102 with the currently approved (Zardxolyn) labelling reveals a few
"new" adverse reactions (not contained in the PDR). Those newly-
occurring, in at least 1.0% of the patients studied, include jointT pairn,
sore throat, depression, rash and sexual dysfunction. Draft iabeiling
submitted in the Microx NDA includes all of the "new” adverse druc
reactions. :

A comparison of the profile and incidence in the 0.5 mg/day Microx groups,
from both LDM-101 and LDM-102 combined, with the LDM-102 placebo group is

“shown in Table VIII, below:

J R

Table VIII

Adverse Expeciences, ¢+ mg Microx and Placebo
LDM~102 by Frecuencv, No., (%)

MICROX Placebo
¢+ og ILOM=102
. n=74 n=z7

Headache § (10.82) & (14.8)
Dizziness 6 { 8.1) 2 ¢ 7.4)
Joint Pain 3 (4.1) 1 (3.7}
Muscle Cracps 2(2.7) 1 (3.7)
Chest Pain 2(2.7) [+}
Diarchea 2 (2.7) c
" Fatigue 2 ( 2.7) 2( 7.4)
L
<

Differences in incidence of ADRs between the various Microx coses studied
were not significant. Therefore ADRs from all Microx dosage groups, from
both studies were combined and compared to the LDM-102 placebo group and
the LDM-101 Zaroxolyn group is shown in Table IX.

The metolazone-induced metabolic changes (serum electrolytes, 1ipids,
blood sugar and uric acid) noted in LDM-101 and LDM-102 are consistent
with the already well-known and documented alterations.
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Table IX

Incidence of Adverse Experiences
Nuzber (Percent)

Placebo Zaroxalvn
MICROX .  (LDM-102) (LDM-101)
n=226 ne27 n= !
Dizziness (lightheadesdzess) 23 (10.2) 2 (7.4) 2 (£.9)
Beadaches 21 ( 9.3) 4 (16.6) (225
y‘::;;:e‘:z:?s' Leihass 13 ( 5.8) 1(3.7) 1 (z2.4) -
slaise, lethasgy, 10 ( 4.4 2
e ( 4.4) 2 ( 7.4) 1 (Z‘f')
Joint Pain (3.1 :
Chest Pain precoridal 6 ( 2.7) 3 ' (.03.7) i g:.g)
discozfore) LT -
Constipation 4 (1.8
Weakness 4 ( 1:8; ! (03.7) 2 (3-9)
Sore Throat 4 ( 1.8) ‘0 o
Dry }.tcu::'.z 3(1.3) e ]
Palpitations N 3(1.3) 0 0
haunf 3 (1.3 4] o]
Abdozinal Discomfert 3(1. 1] a
(pain, bloating)
Psycholcgic (nervouszess, 3I(1. 0
-, depression, veird feeliag) 'z
Rash
3(1.3)
Interim Illness (LR, ccld, ° 2 (6.9)
otitis medis)
Sexual DJvsfunction 3(1.3) 0 1 (2.4)

ITI. CONCLUSIONS: Teken at face value, the results of metolazone antihyper-
tensive clinical trials LDM-101 and LDM-102 demonstrate the followinc:

A. Anti-hypertensive efficacy: — <

1. A1l of the tested metolazone doses lowered blood pressure tc a
greater extent than placebo (see Figure X).

2. In mild hypertension, the 0.5 mg/day Microx dose is as effective
as any of the higher Microx or Zaroxolyn doses and is therefore

optimal (see Table I).

3. In moderate hypertension, the 0.5 mg/day Microx dose is
effective in some but the 1.0 mg/day Microx dose “captures®
significantly more patients and is therefore optimal (see Table II

and Table III).
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4. The 2.0 mg/day Microx dose appears to exhibit no increased
utility over Tower doses in either mild or moderate hypertension
(see Table II and Table III).

B. Potassium-loss:

1. Placebo causes no potassium loss.

2. Group average decreases in serum potassium levels show an

apparent dose-response, overall significantly more potassium loss
with each succeedingly higher dose.

3. The percentage of patients likely to become hypokalemic remains
relatively constant at Microx doses of 1.0 mg/day or below.
Metolazone doses above 1.0 mg/day, hawever, significantly increase
(double) the percentage of patients suffering drug-induced
hypokalemia. ‘

4. Metolazone-induced potassium loss is not insignificant at any
dose. The drug, whether the old or new formulation, nearly always
causes substantial potassium loss. Logically, then, the lowest dose
consistent with meaningful antihypertensive efficacy should be
prescribed.

C. Overall: Considering both the blood pressure and potassium issues,
together, at the various Microx doses, two dividing lines, respec-
tively, become apparent: severity of hypertension (mild vs
moderate) and 1ikelihood of hypokalemia (above and below the 1.0
mg/day Microx dose). ~

1. The 2.0 mg/day Microx regimen is unacceptab¥e because: (a)} it
is no more effective than 0.5 mg/day in mild hypertension and no
more effective than 1.0 mg/day {n_moderate hypertension and (b) it
produces hypokalemia in nearly twice as<any patients as either the
0.5 mg/day or 1.0 mg/day Microx doses.

2. The 0.5 mg/day Microx dose is optimal in mitd hypertension
because: (a) it Towers mildly elevated blood pressure to the same
degree as either of the two higher Microx doses and (b} the average
potassium loss, though significant, is less tham the higher Microx
doses and produces fewer hypokalemic patients than the 2.0 mg/dose.

3. The 1.0 mg/day Microx regimen is optimal in woderate hyperten-
sion because: (a) on average, it reduces moderately elevated blood
pressure to a significantly greater extent than the 0.5 mg/day
Microx dose and (b) it is no worse than the 0.5 mg/day Microx dose
in percentage of patients made hypokalemic. However,
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Iv.

cc:

4. The 0.5 mg/day Microx dose is as effective as the 1.0 mg/day
dose in some moderately hypertensive patients and therefore
represents a logical starting dose. , Those moderat=ly hypertensive
patients not fully responsive to the 0.5 mg/day Microx dose should,
obviously, be afforded the 1.0 mg/day dose.

RECOMMENDATIONS:

1. Microx tablets, 0.5 mg and 1.0 mg, are recommended for approval as
initial treatment of mild to moderately severe hypertemsive patients.
Warnings should include a statement regarding significant potassium loss -

and development of hypokalemia in 20-25% of all patients receivina these
-doses.

2. Mi’c_)"ox tablets, 2.0 mg, offer no efficacy advantage but pose a
significantly greater risk of hypokalemia than the 1.0 mg Microx dose.
Approval for hypertension is not recommended: "

3. No data exists regarding the potential additive efiect that Microx
may have when combined with an antihypertensive drug. The old
formulation, Zaroxolyn, is approved "to enhance the efTectiveness of
other antihyper- tensive drugs in the more severe forms of
hypertension.” There is no reason to believe that the new “"Microx”
formulation would not be equally as effective as Zaroxolyn for this
adjunctive use.

4, No data exists regarding the utility of the new Microx formulation
in the treatment of edema. The old formulation, Zaroxolyn is approved
for treating the edema associated with congestive heart failure and with
states of diminished renal function. Given the substarmtial weight loss
observed with Microx, there is little reason to believe that the new
formulation would be any less effective than the cld. Weight loss dose-
response continued beyond the 1.0 mg/day Microx regimem. It may be,
therefore, that Microx doses above Y= mg/dg\y will be shown to be
superior to the lower doses in the treatment of edema.

5. Revision of the labelling Adverse Reactions sectiom is recommended.
ADR incidence and profile needs to be updated to fnciudde results of the
most recent metoxalone studies and literature.

— o

Robert E. Keenam, M.Dw. J

Orig. NDA
HFN-110
HFN-110/CS0O
HFN-1100/RKeenan
ef/7/29/86;8/8/86/#0574g
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Name af Druq: MICROY

This epplicatien presents an interesting dilemma. Ssanwal® *refarmylated® and
in so doing increased the bSfpavailability of metalazane <rom that af their
marketed metolazone preduct [Zaroxalyn). Yaving reformulated and altered
bioavailadbility, Pennwalt oerformed two adequatzand well-contrallad *rials
fLM=101 and LOM2192) which astahlish antihypertencive affects of XICRCY
(their new formulation) at doses of metslazone sukstantially Yess than thpse
currently appearing in the Zaroxolyn packsge insert.

The study identifiad 3s L2N-101 lackae¢ 2 placeho cantrnl. However, over lase
ranges of 2,2 mg to 2.0 ng of orally administered MICROX, there were dgca-
related decreases of both bSleod pressure and serum potassium [see Fiqures
and 2). Although the lack of placeho control makes it impossihle *p establich
firmly the minimally effective dose, and the lack of doses ahove 2.0 3 makes
it impessitle to estimate the maximally effective dose, it is clear encugh
that <oses of MICROX between 0.5 ng and 2.0 mg can be expected to iswer Slaod
pressure in a dose-related manner, Ardditionally, dose related potassium loss
i well documented,

The study fdentified as LIM-102 had a parallel placshe control, nn ohvious
dose-ralated blood pressure change [see Fiqure 2}, Sut diffarentiated the
hypotensive effects of 0.5, 1 mg and 2 @g of MICROY from placebo. Dose-
reiated petassium loss was clearly documanted !sze Figure 2),

These findings need to be evaluated in light of the Zarcxolyn tabelling which
recommencs doses hetween 2.5 mo 2nd 3.0 ma for Zarcxolyn administered once-
a-day. Also needing consideraticn is that we, as well as the majority af the
megical community, are eager not to use oxcessive dases of thiazide dduratics;
metolazene is in some respects a thiazide type diuretic.

3ased on the submitted hioavailahility studies, metnlazone in Zaroxoliyn is
ahout 552 bicavailable compared %o metolazone in RICROX. If this wore +e he
taken to heart, and one assumed the inftfal dose ranging for Zaroxclyn was
approoriate and one assumed the oanly difference hetween Zaroxolyn and MICROX
s tho hinguatTanhility of matolazone, one would prodict the dose range of
HICACX to be between 1.4 mg and 2.5 mg. In fact, 0.5 mg of MICROX may well Se
ahove the EDcg for blood pressure effacts since LDW-101 and LDM-102 4o not
establish the nintmally offactive dose. So prediction does not agree with
empirical data and it s not 2asy to decide which assumption, neaded for the

AT k2 ] CRI R
sradiction, s Incarreci,
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However, the data are insu¥ficient %0 conclude that HICPAY is 3n frmediata
release formulation {although 1% frends that wry) of metolazonre and that
Zaroxolyn 1s a sustained release {althouch it trends that way) formulation of
metelazone,

Since there appear to he d{fferences {althouqh rather poorly defined) in the
pharpacokinetics of “he two formulations, it is not possible to apply the
aose=ranging information for MICRCX o Zaroxolyn,

-

ct

Dasa ranging for MICRCX has orly heen done for hynertensinn, So MICRCY
cannnt simply replace Zaraoxolyn an the mzrat since the dose af X®ICROY “or
edema is not defined. If MICROX is approved, existing 4ata would require the
two incompletaly characterized formulations to exizt in the market simylta-
necusly; one for hypertansion and the other for adema and RWypertensicn., Hot
an appealing outcome, Particularly not appealing since HICPOX and Zarcxnlyn
are so inccmpletely compared pharmacokinetfcaliya_. . .
n the other hand, aver gliven the increasad dfoavailahility of metolazene in
NICROX, a lower and more aopropriate dose ~ange has heen {dentified for
metalazone, [n snite of the {nadequacy of characterization of MINANY i4 seems
apprapriate to 21low a more reasonahle dosage form of meteolazeone to bhs
marteted. Consequantly “ICROY should he anprnved.

Pennwalt Corporticn has marketing plans which iatend %o promote MICROX for “he
troatment of hypertension only. They also have heen and intend to continue
premoting Zaroxolyn only for ederma. The nackage insert ¢f both products will
in several places, and canspicuous, warn 2qainst the interchangeability of
Zaroxolyn and MICROX. Thus, those that read promotion and read package
inserts should be adequately 1nformed.

Generic prescription writing can however lead to confusfon since 0.5 ma #ICONY
(uritten as metolazone) can be misinterpretad as 5.0 mg Zaroxolyn (written as
metolazone. This seems a neqligible problem and at approval time is simply
heing ignored with respect to requiring attention.

There is no safety update with respect to HICRCY. Metolazone 1s 2 well %noun
and mariketed dosage forn. Yo surprises are expected and a safety update i¢
simply busy work and would add notking to *he consideration,

HICRCX approval fs based upon the two clinfcal trials {LUM-101Aand LON-102)
which were performed by Pennwalt Corporation., Hithout these two triale the
NDA could not have been approved. :

The raleasable reviews will constitute the Summary Rasis of Approval,

cc: Orig. MDA
HFN-70/CHare Raymond J. Lipicky, M.0.
HFR-110
L—HENZ110/£5D
RFMAIYQ/BLIndcky
AF 1 4TI L ANV P




